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RESULTS OF TESTS ON A .02 SCALE SPACE SHUTTLE LAUNCH

VEHICLE MODEL (89_TS) IN THE LARC 16-FT TRANSONIC

WIND TUNNEL TO DETERMINE PRESSURE DISTRIBUTION ALONG

THE EXTERNAL TANK LOX CABLE TRAY (LAI32)

ABSTI_CT

Tests of a 2 percent scale Space Shuttle launch vehicle model (Model

89#TS) were conducted in the Langley 16-foot transonic tunnel to determine

the pressure distribution along the external tank LOX cable tray. Distri-

buted pressures on the outside (windward) face, on the top, and on the

tank surface underneath the cable tray were obtained between tank sta-

tions 700 and 895 at Math numbers of i.i0, 1.15, and 1.25. Chordwise

pressures around the cable tray at stations 814 and 820 were also obtained.

The tests were conducted over an angle of attack range of ±5 degrees for

sideslip angles of 0 degrees and i2 degrees and over a sideslip angle

range of ±5 degrees at angles of attack of -2 degrees, 0 degrees, and 2

degrees. The Reynolds number was 4 million per foot throughout the test.
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INTRODUCTION

Analyses of the loads on the external tank LOX cable tray based upon

tests of an .03 scale shuttle launch vehicle at transonic speeds (IA

105) indicated that design margins of the support brackets for the

cable tray and LOX pressurization llne were negative. NASA/LaRC was

requested by the Shuttle Program Office at JSC to obtain more detailed

measurements of the pressures and the LOX cable tray. Accordingly,

Model 89 _TS was instrumented with pressure orifices on and around the

LOX cable tray and tested in the Langley 16-foot transonic tunnel.

The tests were conducted for an angle- of-attack range of 55 °, at side-

slip angles of 0°, _2°, a sideslip range of _5 ° at angles of attack of

0°, -2°, and 2°. The test Mach numbers were I.i0, 1.15, and 1.25, and

the Reynolds number was approximately 4 x 106/foot. The basic test

matrix is shown in the data set/run number collation summary, Table I.



SYMBOL

Cpi

M

Pi

p_

q

Tt

e

X

XT

x/c

ZT

(Y/W) CT

YTI

YT2

YT3

YT4

MNEMONIC

ALPHA

BETA

CPi

MACH

Pi

PO

Q(PSI)

RN/L

TTO

THETA

X

XT

x/c CT

ZT

X/C CT

YT(1)

YT(2)

YT(3)

YT(4)

NOMENCLATURE

DEFINITION

angle of attack, degrees

angle of sideslip, degrees

surface tap pressure coefficient, port i,

Pi-P=

q

free stream Mach number

pressure at surface tap i, PSI

free stream static pressure, PSI

free stream dynamic pressure, PSI

unit Reynolds number, per foot

freestream total temperature, OF

radial position from top of tank

tank station, inches

longitudinal distance along tank, in.

chordwise location on cable tray, fraction

of local chord

longitudinal distance for feed line, in.

plotted chordwise location on cable tray,

fraction of local chord

windward face of LOX cable tray (e = 34 °)

top face of LOX cable tray (e = 33 °)

tank surface 25 in. leeward back face of

cable tray (e = 26 °)

tank surface 25 in. windward of LOX cable

tray face (e = 41 °)



NOMENCLATURE(Concluded)

SYMBOL MNEMONIC DEFINITION

YT5 YT(5) tank surface 37.5 in. windward of LOX cable

tray face (8 = 46.9 ° )

YT6 YT(6) tank surface directly under LOX cable tray

(e = 33.1 °)

YT7 YT(7) feed line vicinity e = 20+25 ° (CPSUN 16+19)

6



INSTRUMENTATION

Table II lists the orifices by identification number, location (X

station and angular position from the top centerline of the tank) and

description. The distribution of the orifices is shown in figure 4.

Two cable tra_ orifice configurations were tested. As shown in figure

4, configuration I consisted of a longitudinal distribution of orifices

along the outside (windward) face and on the top of the cable tray.

For the second configuration (2), the portion of the tray with the

longitudinally distributed orifices was removed and replaced with a

section instrumented with a chordwise (transverse) distribution of ori-

fices at tank stations 814 and 820, as shown in figure 4. Orifices

were installed on the surface of the tank 25 inches full-scale windward

of the LOX cable tray (angular position 41° from the top of the tank)

and 25 inches on the leeward side of the tray (26 ° from top of tank)

between tank stations 695 and 970. Seven orifices were installed in

the tank surface directly under the LOX cable tray between tank stations

779.4 and 882.5 (33.1 ° from top of tank).



DATA PRESENTATION

The tank surface pressures as a function of longitudinal position along the

tank are presented in data figures 1-15 for several combinations of angle

of attack and sideslip. The longitudinal distribution of pressures on the

top and windward face of the LOX cable tray between stations 707.5 and

882.5 are shown in figures 16-25. In general, there is a steep positive

pressure gradient as the longitudinal position X is increased from station

700 (moving aft) on and under the tray, however, the variation of pressure

coefficient with X is extremely sensitive to variations in sideslip angle,

especially on the windward face of the tray.

The chordwise variation of pressure on the cable tray at two longitudinal

stations, 814 and 820 (cable tray configuration 2) are shown in figure 26.

Since the longitudinal pressure gradient in this area was found to be

rather large, the data for stations 814 and 820 would not be expected to

coincide. The pressures for station 814 were adjusted to station 820 by

using the gradients shown in the earlier figures. A cursory integration

of these pressures at Mach 1.25, B = 2° , and _ = 0°, at a dynamic pressure

of 595 ib/ft 2 indicated that the downward normal load in the area of

station 820 was about 1.314 ib/in. The indicated chordwise load was about

0.831 Ib/in and the total resultant load in this region was about 1.552

ib/in.
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TABLE II

ORIFICE IDENTIFICATION AND DESCRIPTION

ORIFICE

NO.

TANK THETA,

STA., X DEG. DESCRIPTION

COLLATION

PARAMETER

CPNUN

CPNUN

CPNUN

CPNUN

CPAUN

CPAUN

CPBUN

.1
CPBUN

CP',',IN

CPSUN

i 695.0

2 720.0

3 745.0

h 770.0

5 795.0
6 820.0

7 8h5.0

8 870.0

9 895.o

i0 920.0

ii 9h5.0

12 10hS. 0
13 1070.0

lh 1095.0

15 1120.0

16 1145.0

17 117o. 0

18 1195.0

19 1220.0

20 1245.0

I 695.O

2 720.0

3 745.0

h 770.0

5 795.0
6 820.0
7 845.0

8 870.0

9 895.0

i0 920.0

Ii 945.0

12 970.0

I 779.4

2 807.5

3 820.0
4 832.5

5 851.2

6 866.9

7 882.5

i 707.5

2 732.5

3 757.5
4 770.0

5 801.3.
6 826.3
7 860.62

8 876.3

41.0

4I .0

h6.9

h6.9

26.0

26.0

33.1

33.0

Tank Surface 25 in Wind_rard of

LOX Cable Tray Face

Tank Surface 37.5 in Windward of

LOX Cable Tray Face

Tank Surface 25 in Leeward of

Back Face of Cable Tray

Tank Surface

Cable Tray

Top Face of

Directly _nder LOX

LOX Cable Tray

i0

YT=4

YT=5

YT=3

YT=6

YT=2



TABLE II (CONTINUED)

ORIFICE TANK THETA,

NO. STA. , X DEG. DESCRIPTION

COLLATION

PARAMETER

*CPSUN 9 779.4 34.0

11 820.0

12 832.5

13 851.3

14 866.9

CPSUN 15 882.5 34.0

CPBUN 8 814.0 33.75

CPBUN i0 | 32.75

CPNUN 21 _ 32.25

CPSUN 20 814.0 33.25

CPNUN 22 820.0 32.00

CPNUN 23 | 34.00

CPBUN 9 _ 33.25

CPSUN 21 820.0 32.75

CPSUN 16 1095.0 23.07

17 ii08.0 20.1718 io75.o 25.97

cPSUN 19 lO8O.O 23.07

Windward Face of LOX Cable Tray

Configuration I

Configuration 2 LOX Cable Tray

Chordwise Pressures

1 1
Top of LOX Feed Line

Inside Side " "

Outside " " "

Top of LOX Feed Line

YT=I

X/C
0.875

0.375

0.125

0.625

0.0

1.0

0.625

0.375

YT=7

t

*Not used in this test analysis.
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